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(54) BRAKING CONTROLLER FOR VEHICLE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To generate a braking force 
at an accurate timing without generating a braking force 
unnecessarily. 

SOLUTION: A relative distance d between an obstacle 
and an own vehicle, a relative speed Vr, and a lateral 
movement amount Y required for avoiding the contact of 
the own vehicle with the obstacle are calculated (step 
SI) to determine whether the own vehicle can avoid the 
obstacle due to braking based on the relative distance d 
and the relative speed Vr or not (step S2). The time Ty 
required for lateral movement by the lateral movement 
amount Y is calculated based on vehicle specifications 
to determine whether the own vehicle can avoid the 
obstacle by steering based on the time Ty required for 
lateral movement and the time required until the own 
vehicle comes into contact with the obstacle or not 
(step S3). If the own vehicle can avoid the obstacle by 
either of braking and steering only, the time required 
until both of steering and braking become unavoidable is 
estimated, and inclination a of a braking force FL is calculated based on the estimated time to 
generate the braking force FL increasing from zero by the inclination a. When the own vehicle 
cannot avoid the obstacle even by either of braking and steering, a braking force FH is 
generated. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This docunnent has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A damping force generating means by which a relative relation detection means to 
detect relative relation between self-vehicles and an obstruction, and actuation of a brake pedal 
generate damping force independently, A contact evasion Judging means to judge whether 
contact with said obstruction shall be avoidable between steering actuation and braking 
actuation with any based on relative relation detected with said rielative relation detection 
means, Said damping force generating means is controlled and it has a control means which 
generates damping force according to a judgment result in said contact evasion judging means. 
The control means concerned When the 1st damping force is generated when judged [ that 
contact is avoidable and ] by either said steering actuation and braking actuation, and said 
steering actuation and braking actuation are Judged [ that contact is nonavoidable and ] with said 
contact evasion judging means, A braking control unit for vehicles characterized by generating 
the 2nd larger damping force than said 1st damping force. 

[Claim 2] Said contact evasion judging means is equipped with a braking evasion judging means 
to judge whether it is avoidable with a steering evasion judging means and braking actuation of 
judging whether said obstruction being avoidable with steering actuation. Said steering evasion 
judging means computes horizontal movement magnitude required in order that self-vehicles may 
avoid said obstruction by steering based on relative relation detected with said relative relation 
detection means. While computing steering evasion time amount taken only for computed 
necessity horizontal movement magnitude to move A braking control unit for vehicles according 
to claim 1 which computes a contact duration until self-vehicles contact said object, and is 
characterized by judging with contact evasion by steering actuation being impossible when said 
steering evasion time amount is larger than said contact duration. 

[Claim 3] Said steering evasion judging means is a braking control unit for vehicles according to 
claim 2 characterized by detecting said horizontal movement magnitude based on physical 
relationship of an edge location of said obstruction in a perpendicular direction, and self^vehicles 
to a travelling direction of self-vehicles. 

[Claim 4] Said steering evasion Judging means is based on physical relationship of an edge 
location of said obstruction, and self-vehicles, said obstruction — right and left — or [ that it is 
avoidable in which direction ] — detecting — right and left — any or the smaller one among 
horizontal movement magnitude in a case of steering and avoiding leftward [ horizontal 
movement magnitude and leftward ] in a case of steering said obstruction when avoidable in any 
direction rightward, and avoiding it A braking control unit for vehicles according to claim 3 
characterized by considering as said necessity horizontal movement magnitude. 
[Claim 5] A braking control unit for vehicles given in claim 2 thru/or any of 4 they are. [ which is 
characterized by computing said contact duration based on a vehicles item of self-vehicles ] 
[Claim 6] A braking control unit for vehicles given in claim 2 thru/or any of 5 they are. [ which is 
characterized by computing said contact duration based on the steering property of an operator 
in emergency ] 

[Claim 7] Said 1 st damping force is a braking control unit for vehicles given in claim 1 thru/or 
any of 6 they are. [ which is characterized by setting up the increment rate so that such 
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deflection may become below a threshold set up beforehand, when damping force which it is set 
up so that it may increase gradually, and is generated with said damping force generating means 
switches from said 1 st damping force to said 2nd damping force ] 



[Translation done.] 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
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2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] When it is predicted that this invention may 
contact the object of precedence vehicles etc., damping force is generated compulsorily and it is 
related with the braking control unit for vehicles which avoided contact. 
[0002] 

[Description of the Prior Art] When much equipments are developed, the radar installation 
carried in vehicles detects the distance between two cars with precedence vehicles and there is 
a possibility of a collision conventionally in order to aim at improvement in safety at the time of 
vehicles transit, the equipment it was made to make generate damping force automatically is 
proposed. 

[0003] For example, what avoided performing unnecessary automatic braking to JP,6-298022,A 
by computing the collision-avoidance possible distance by brakes operation and the collision- 
avoidance possible distance by steering, and performing automatic braking to the obstruction 
ahead of vehicles when the distance of an obstruction and self^vehicles is less from which 
computed collision-avoidance possible distance is proposed. 

[0004] Moreover, for example, although an operator's volition slows down by generating damping 
force independently, before making JP, 7-691 88,A generate this damping force, it is made to 
perform preliminary braking to it the making it know to give an operator automatic braking 
purpose, when there is a possibility of the collision with a forward cardiac failure theory object. 
By performing this preliminary braking, what an operator can stand ready beforehand, notices 
sudden approach, and could be made to perform a certain correspondence is proposed. 
[0005] 

[Problem(s) to be Solved by the Invention] When the collision-avoidance possible distance by 
the above-mentioned brakes operation and steering actuation is detected and distance with an 
obstruction is less than these collision-avoidance possible distance, in case the collision- 
avoidance possible distance by steering is calculated in the method which was made to perform 
automatic braking, he deals with the lateral acceleration generated on self-vehicles as a fixed 
value, and is trying to calculate collision-avoidance possible distance only from geometric 
relation. 

[0006] However, further, a tire property or the vehicles moment of inertia of the direction of a 
yaw, vehicles weight, the vehicle speed, a wheel base, a tread, and since it changes with an 
operator s steering properties etc., a steering property has in fact the problem that collision- 
avoidance possible distance will calculate greatly or small rather than an original distance. 
Moreover, in the method it was made to generate weak damping force before sudden braking, 
since the weak damping force before sudden braking makes triangular wave-like braking fluid 
pressure act and he is trying to generate damping force, once braking fluid pressure serves as 
zero, it will perform sudden braking again, and has the problem that the standup of braking fluid 
pressure is overdue. Moreover, in order that braking fluid pressure may perform sudden braking 
from the condition of zero, there is a problem that fluctuation of damping force is large and the 
sense of incongruity given to an operator is large. 
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[0007] Then, this invention aims at offering the possible braking control unit for vehicles of 
generating damping force to exact timing, without being made paying attention to the above- 
mentioned conventional unsolved problem, and giving an operator sense of incongruity. 
[0008] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, a braking 
control unit for vehicles concerning claim 1 of this invention A damping force generating means 
by which a relative relation detection means to detect relative relation between self-vehicles 
and an obstruction, and actuation of a brake pedal generate damping force independently, A 
contact evasion judging means to judge whether contact with said obstruction shall be avoidable 
between steering actuation and braking actuation with any based on relative relation detected 
with said relative relation detection means. Said damping force generating means is controlled 
and it has a control means which generates damping force according to a judgment result in said 
contact evasion judging means. The control means concerned When the 1st damping force is 
generated when judged [ that contact is avoidable and ] by either said steering actuation and 
braking actuation, and said steering actuation and braking actuation are judged [ that contact is 
nonavoidable and ] with said contact evasion judging means, It is characterized by generating the 
2nd larger damping force than said 1st damping force. 

[0009] Moreover, a braking control unit for vehicles concerning claim 2 Said contact evasion 
judging means is equipped with a braking evasion judging means to judge whether it is avoidable 
with a steering evasion judging means and braking actuation of judging whether said obstruction 
being avoidable with steering actuation. Said steering evasion judging means computes horizontal 
movement magnitude required in order that self-vehicles may avoid said obstruction by steering 
based on relative relation detected with said relative relation detection means. While computing 
steering evasion time amount taken only for computed necessity horizontal movement magnitude 
to move A contact duration until self-vehicles contact said object is computed, and when said 
steering evasion time amount is larger than said contact duration, it is characterized by judging 
with contact evasion by steering actuation being impossible. 

[0010] Moreover, a braking control unit for vehicles concerning claim 3 is characterized by said 
steering evasion judging means detecting said horizontal movement magnitude based on physical 
relationship of an edge location of said obstruction in a perpendicular direction, and self-vehicles 
to a travelling direction of self-vehicles. Moreover, a braking control unit for vehicles concerning 
claim 4 Said steering evasion judging means is based on physical relationship of an edge location 
of said obstruction, and self-vehicles, said obstruction — right and left — or [ that it is 
avoidable in which direction ] — detecting — right and left — any or the smaller one among 
horizontal movement magnitude in a case of steering and avoiding leftward [ horizontal 
movement magnitude and leftward ] in a case of steering said obstruction when avoidable in any 
direction rightward, and avoiding it It is characterized by considering as said necessity horizontal 
movement magnitude. <BR> [0011] Moreover, a braking control unit for vehicles concerning 
claim 5 is characterized by computing said contact duration based on a vehicles item of self- 
vehicles. Moreover, a braking control unit for vehicles concerning claim 6 is characterized by 
computing said contact duration based on the steering property of an operator in emergency. 
Furthermore, a braking control unit for vehicles concerning claim 7 is characterized by setting up 
the increment rate so that such deflection may become below a threshold set up beforehand, 
when damping force which said 1st damping force is set up so that it may increase gradually, and 
is generated with said damping force generating means switches from said 1 st damping force to 
said 2nd damping force. 
[0012] 

[Effect of the Invention] According to the braking control unit for vehicles concerning claim 1 of 
this invention, when judged [ that contact is avoidable and ] by either steering actuation and 
braking actuation, the 1st damping force is generated. Since it was made to generate the 2nd 
bigger damping force than the 1st damping force when being judged with an obstruction being 
nonavoidable, even if it performed steering actuation and braking actuation When an obstruction 
is avoidable with steering actuation, while being unable to generate damping force superfluously 
and being able to generate damping force to exact timing In emergency which cannot avoid the 
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time of generating the 2nd damping force, i.e., braking, and steering actuation, since the braking 
hydrostatic pressure for the 1st damping force already being generated and generating damping 
force has started to some extent, it can generate the 2nd damping force promptly. 
[0013] Moreover, horizontal movement magnitude required according to the braking control unit 
for vehicles concerning claim 2, in order that self-vehicles may avoid said obstruction by 
steering is computed. Compute the steering evasion time amount taken only for the computed 
necessity horizontal movement magnitude to move, and when self-vehicles are larger than a 
contact duration until it contacts said object, contact evasion time amount Since it was made to 
judge with the contact evasion by steering actuation being impossible, the contact evasion 
judging by steering actuation can be performed exactly. 

[0014] Moreover, according to the braking control unit for vehicles concerning claim 3, since 
horizontal movement magnitude was detected based on the physical relationship of the edge 
location of the obstruction in a perpendicular direction, and self-vehicles to the travelling 
direction of self-vehicles, even if it is the case where the amounts of offset of the obstruction to 
self-vehicles differ, according to each physical relationship, horizontal movement magnitude can 
be detected to high degree of accuracy, and a steering evasion Judging can be performed exactly. 

[0015] Among the horizontal movement magnitude in the case of steering and avoiding leftward 
[ horizontal movement magnitude and leftward ] in the case of steering an obstruction rightward 
and avoiding it according to the braking control unit for vehicles concerning claim 4, moreover, 
any or the smaller one Since it considers as necessity horizontal movement magnitude and was 
made to perform the contact evasion judging by steering actuation based on this, necessity 
horizontal movement magnitude can be set up exactly, and when it is possible to avoid an 
obstruction by steering actuation of an operator, it can avoid generating damping force 
superfluously. 

[0016] Moreover, according to the braking control unit for vehicles concerning claim 5, since the 
contact duration was computed based on the vehicles item of self-vehicles, it cannot be 
concerned with a steering property which is different in the steering property and vehicle speed 
region of vehicles, but a steering evasion Judging can be performed more exactly. Moreover, 
according to the braking control unit for vehicles concerning claim 6, since the contact duration 
was computed based on the steering property of the operator in emergency, a steering evasion 
judging can be performed more exactly. 

[0017] Moreover, according to the braking control unit for vehicles concerning claim 7, since the 
increment rate was set up so that such deflection might become below the threshold set up 
beforehand when setting up the 1st damping force so that it may increase gradually, and 
switching to the 2nd damping force, the switch to the 2nd damping force from the 1st damping 
force can be performed, without giving an operator sense of incongruity. 
[0018] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained 
based on a drawing. Drawing 1 is the block diagram showing 1 operation gestalt of the braking 
control unit for vehicles which applied this invention. One in drawing is a scanning-type laser 
radar as a distance-between-two-cars sensor, and is prepared in the possible location of 
detecting the obstruction ahead of vehicles of the center of breadth of a car. And shifting to a 
fixed angle [ every ] horizontal direction, periodically, a laser beam is irradiated in the direction of 
the front of vehicles, the reflected light which reflects and returns from a front body is received, 
and the distance to the body in each angle is detected based on the time difference from 
outgoing radiation timing to the light-receiving timing of the reflected light. 2 is a speed sensor 
and the detecting signal of these laser radars 1 and a speed sensor 2 is inputted into a controller 
10. 

[0019] And by the controller 10, when automatic-braking control processing is performed the 
predetermined period set up beforehand, it judges whether it is necessary to perform automatic 
braking based on the detecting signal of said laser radar 1 and a speed sensor 2 and it is judged 
with it being necessary to perform automatic braking, the damping force control unit 15 is 
controlled and damping force is generated. In addition, said damping force control unit 1 5 is 
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separated from the brake pedal, and is equipped with the so-called configuration of a brake 
BAIWAIYA method. 

[0020] Drawing 2 is a flow chart which shows an example of the procedure of the automatic- 
braking control processing performed by the controller 10. By the controller 10, if automatic- 
braking control processing is performed, first, the detecting signal of a laser radar 1 will be read, 
the relative distance d in the travelling direction of the self-vehicles between the obstruction 
ahead of self-vehicles and self-vehicles and relative velocity Vr will be detected in step S1, and 
the distance and the angle to the right-and-left edge of the obstruction ahead of self-vehicles 
will be further detected based on the detecting signal of a laser radar 1. Moreover, the horizontal 
movement magnitude Y required in order that self-vehicles may avoid contact with a front 
obstruction based on these is computed. 

[0021] Said relative velocity Vr is computed by performing derivation or band pass filter 
processing for example, to the aforementioned relative distance d. Moreover, said horizontal 
movement magnitude Y detects the right-and-left edge of an obstruction based on the detecting 
signal of a laser radar 1 . and detects it based on the angle in this right-and-left edge location. 
That is, angle theta 1 of the right-and-left edge of an obstruction [ as opposed to / on the basis 
of the travelling direction of self-vehicles / this based on / as shown in drawing 3 / the 
detecting signal and its scanning angle of a laser radar 1 ] And theta 2 It detects. And it is [ as 
opposed to / as shown in dra win g 3 / the obstruction ahead of self-vehicles ] the angle theta 1 
of the right-and-left edge of an obstruction. And theta 2 The horizontal movement magnitude Y 
is computed based on a degree type (1), choosing any or the smaller one (the case of drawing 3 
theta 1) inside, and using this as theta. 
[0022] 

Y=d-sin(theta)+Lw/2 .... (1) 

In addition, Lw in a formula is the breadth of a car of self-vehicles. Moreover, in the gestalt of 
this operation, although the case where a laser radar 1 is formed in the location of the center of 
breadth of a car of vehicles is explained, when being offset and attached in which direction of on 
either side from the center of breadth of a car, it is necessary to take an offset part into 
consideration in the aforementioned (1) formula. 

[0023] Moreover, angles theta 1 of a right-and-left edge when the center position of self- 
vehicles is comparatively shifted to the center position of an obstruction And theta 2 When one 
of edges is undetectable inside, the horizontal movement magnitude Y is computed by the 
above-mentioned formula (1), using as theta the edge angle of the side which was able to detect 
the edge. In being the beam-type laser radar in which an output is possible, as it is explaining the 
case where a scanning-type laser radar is used as a laser radar 1 here in an above-mentioned 
case, but it shows two or more beams with a certain width of face in d ra w ing 4 , based on the 
detecting signal of a laser radar 1, a forward cardiac failure theory object is detected noting that 
it exists in within the limits with a certain width of face, the case of drawing 4 — the travelling 
direction of self-vehicles — receiving — the right — angle theta 1 from — theta 2 only — from 
between the locations shifted, it applies leftward to a travelling direction and judges with an 
obstruction existing. 

[0024] theta 1 [ in this case, ] whose right edge location of a forward cardiac failure theory 
object is the minimum value it is — ****** — this is set to theta and the horizontal movement 
magnitude Y is computed based on the aforementioned (1) formula. Moreover, also in this case, 
when the edge of an obstruction is detected only about the right or the left to the travelling 
direction of self-vehicles, the edge angle of the side which was able to detect the edge is set to 
theta, and the horizontal movement magnitude Y is computed based on the above-mentioned (1) 
formula. 

[0025] moreover, a laser radar 1 arranges in the center of vehicles also in this case — not 
having — right and left — when it offsets they to be [ any ] and is attached, the aforementioned 
(1) formula is amended in consideration of an offset part. Thus, by computing the horizontal 
movement magnitude Y, when the amounts of offset of the obstruction to self-vehicles differ, 
according to each case, the horizontal movement magnitude for required steering evasion can be 
computed, and it can calculate now whether steering evasion is possible to high degree of 
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accuracy. 

[0026] Subsequently, it shifts to step S2 and judges whether contact with the obstruction ahead 
of self-vehicles is avoidable by performing braking actuation. These criteria are set up as follows. 
As shown in drawin g 3 , distance with the obstruction ahead of self-vehicles and self-vehicles 
shall be d, and relative velocity shall be Vr. If deceleration generated at this time when avoiding 
contact by braking is set to a (for example, 8.0 [m/s2]), and a dead time until deceleration 
occurs is set to Td (for example, 0.2 seconds) when an operator breaks in a brake pedal, in order 
to avoid contact with an obstruction by braking, the relation between relative velocity Vr and the 
distance d with an obstruction should just satisfy a degree type (2). 
[0027] 

d<-Vr-Td+(Vr)2/(2anda) .... (2) 

Therefore, it judges whether the distance d and relative velocity Vr between the obstructions 
detected at step S1 satisfy the aforementioned (2) formula. Then, it shifts to step S3 and judges 
whether contact with an obstruction is avoidable by performing steering actuation. 
[0028] First, the time amount Ty which needs only the horizontal movement magnitude Y 
required in order to avoid contact with the obstruction computed at step SI to carry out 
horizontal migration is computed. Here, the steering property of vehicles can be expressed as 
follows. 

m-v, =2 and YF+2, YR .... (3) 

IZ -dr/dt =2, IF and YF-2, IR, and YR .... (4) 

YF =fF [beta+(IF/v) andr-thetaF] 

YR =fR [beta-(IR/v) -r] 

In addition, m in (3) and (4) types is vehicles weight and IZ. For the vehicle speed and r, a yaw 
rate and beta are [ the moment of inertia of the direction of a vehicles yaw, and v ] a body slip 
angle and IF. The distance from a vehicles center of gravity to a front wheel, and IR The distance 
from a vehicles center of gravity to a rear wheel, and YF And YR It is the lateral force generated 
in a front wheel and a rear wheel, respectively. Moreover, thetaF It is a front-wheel rudder angle 
and it is assumed that it steers at a certain steering speed, and steers at an certain amounts- 
of-control maximum as an operator shows at emergency at drawin g 5 . In addition, in drawin g 5 . 
a horizontal axis is time amount, an axis of ordinate is a rudder angle, a rudder angle increases 
with the inclination in accordance vyith the passage of time, that is, a rudder angle increases to 
amounts-of-control maximum at a certain steering speed. 

[0029] Moreover, fF And fR It is a function showing correspondence with a tire slip angle and tire 
lateral force, for example, it is set up as shown in drawing 6 . In addition, in drawing 6 , a 
horizontal axis is a tire slip angle and an axis of ordinate is tire lateral force, and it is set up so 
that tire lateral force becomes large, so that a tire slip angle becomes large, and a tire slip angle 
is small and the variation of tire lateral force to change of a tire slip angle may become large. 
[0030] Here, the horizontal movement magnitude Y can be expressed with a degree type (5) from 
the vehicle speed v, and the yaw rate r and body slip-angle beta. 
Y=integral [v-sin (integral rdt+beta)] dt .... (5) 

Therefore, only the horizontal movement magnitude Y required for evasion can compute the 
duration at the time of self-vehicles carrying out horizontal migration from the aforementioned 
(3) - (5) type. 

[0031] In addition, since computation time starts very much in order to perform the operation of 
(3) - (5) type on-line, it may calculate off-line beforehand, and the result of an operation may be 
map-ized as shown in draw in g 7 . In addition, in draw ing 7 . the horizontal movement magnitude 
which needs a horizontal axis for steering evasion, and an axis of ordinate are the time amount 
concerning steering evasion. It is set up so that the time amount which steering evasion takes, 
so that horizontal movement magnitude required for actuation evasion increases also increases, 
and the vehicle speed becomes low, and the time amount concerning actuation evasion may 
increase. Therefore, what is necessary is just to search the value of the map corresponding to 
the vehicle speed v and the horizontal movement magnitude Y, in computing the time amount Ty 
which needs only the horizontal movement magnitude Y required in order to avoid an obstruction 
to carry out horizontal migration, i.e., the duration which the contact evasion by steering 
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actuation takes. 

[0032] And when a degree type (6) is realized between presumed time amount d/Vr to contact, 
and the time amount Ty concerning steering evasion, contact with the obstruction by steering 
actuation is judged [ that it is nonavoidable and ]. 
d/Vr<Ty .... (6) 

By judging whether the contact evasion by steering actuation is possible here based on the 
aforementioned (3) - (6) type, steering evasion time amount is calculated according to the 
difference in the steering property of vehicles, and it is not based on a steering property which is 
different in a different steering property for every vehicles, or a vehicle speed region, but 
calculates [ whether steering evasion is unable to be possible and ] correctly. Moreover, the 
steering evasion time amount in emergency is calculated more to accuracy by also considering 
the property of the steering actuation in an operator's emergency, and calculating the steering 
evasion time amount of vehicles. 

[0033] Subsequently, shift to step S4 and receive contact with the obstruction ahead of self- 
vehicles. It is based on the result of the avoidable decision by braking at step S2, and the 
avoidable decision by steering at step S3. Magnitude FH which shifted to step S5 and was 
beforehand set up when it was judged that the contact evasion by braking is impossible, and the 
contact evasion by steering is impossible The damping force command value for generating 
damping force is outputted to the damping force control unit 15. And it returns to the high order 
program which is not illustrated. 

[0034] On the other hand, in step S4, when judged [ that braking and steering actuation are not 
nonavoidable and ], it shifts to step S6, and it judges whether braking and the contact evasion 
only by either of the steering are possible. And magnitude floor line which shifted to step S7 and 
was beforehand set up when judged with the contact evasion only by either being possible The 
damping force command value for generating damping force is outputted to the damping force 
control unit 15. And it returns to the high order program which is not illustrated. 
[0035] On the other hand, by processing of step S6, when not judged with contact evasion being 
possible by either braking or steering (i.e., when judged with contact evasion being possible also 
in any of braking and steering), it shifts to step S8 and damping force decontrol processing is 
performed. That is, the command signal of the damping force to the damping force control unit 
15 is controlled so that damping force becomes small gradually with the inclination set up 
beforehand, damping force generated with the damping force control unit 15 is gradually made 
small, and generating of damping force is stopped. 

[0036] Here, it is said damping force floor line. As shown in drawing 8 , it is the value which 
becomes large gradually by fixed inclination alpha from zero, and it is said damping force FH. Said 
damping force floor line It is set as large constant value, for example, even if it performs braking 
actuation and steering actuation, when it is in the condition that contact with an obstruction is 
nonavoidable, it is set as the possible value of decelerating seH^vehicles enough. 
[0037] and said damping force floor line inclination alpha — damping force — damping force floor 
line from — damping force FH In case it shifts, it is the value calculated so that difference 
deltaF of the damping force may become below a predetermined value, the damping force with 
which said difference deltaF acts on self-vehicles — floor line from — FH When it changes, it is 
set as the value which does not give an operator sense of incongruity. Specifically, it computes 
as follows. 

[0038] First, damping force floor line Since it begins to act, it is damping force FH. Duration Tl 
until it acts It presumes. That is, after contact avoiding according to braking becomes impossible, 
when contact avoiding according to steering becomes impossible, it is the duration T1. It can 
express a degree type (7). In addition, Ty in a formula (7) is the time amount Ty concerning the 
steering evasion computed at step S3. 
[0039] 

Tl =d/Vr-Ty .... (7) 

After contact avoiding according to steering becomes impossible, when contact avoiding 
according to braking becomes impossible on the other hand, it is the duration Tl. It can express 
a degree type (8). In addition, Td and a in a formula (8) are the dead time and generating 
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deceleration at the time of an operator's brakes operation computed at step S2. 
[0040] 

T1 -=- (d-Vr2 / 2. and a+Vr-Td)/Vr .... (8) 

said T1 from — inclination alpha of damping force is computed based on a degree type (9). 
alpha= (FH-deltaF) / T1 .... (9) 

And it is damping force floor line at inclination alpha computed by having carried out in this way. 
It is made to go up gradually. Next, the gestalt of the above-mentioned implementation is 
explained. 

[0041] If precedence vehicles shall exist ahead [ self-vehicles ] now, by the controller 10, 
according to automatic-braking control processing of drawing 2 . the detecting signal of a laser 
radar 1 will be read, the distance between two cars d and relative velocity Vr with precedence 
vehicles will be computed based on this detecting signal, and the right-and-left edge angle of 
precedence vehicles will be detected further. As precedence vehicles show drawin g 3 , when 
[ ahead of self-vehicles ] located a little in a Z twist, it is based on the detecting signal of a laser 
radar 1 here, and it is the edge angle theta 1 on either side. And theta 2 It is detected and is 
theta 1 of the smaller one. The horizontal movement magnitude Y is computed by being based on 
being chosen (step SI). 

[0042] When, and the distance d and relative velocity Vr between precedence vehicles satisfy 
the aforementioned (2) formula, the distance d of a between at this time, for example, 
precedence vehicles, [ sufficiently ] It judges with an obstruction being avoidable with braking 
(step S2), and the time amount Ty required only for the horizontal movement magnitude Y 
computed further previously to move is computed. This, When presumed time amount d/Vr until 
self-vehicles contact precedence vehicles does not satisfy the aforementioned (6) formula Since 
it judges [ that contact with an obstruction is avoidable and ] by steering actuation, it shifts to 
step S8 through step S6 from step S4, and generating of the damping force by the damping force 
control unit 1 5 is not performed. 

[0043] Therefore, the distance between two cars d between precedence vehicles is 
comparatively large, and damping force is not generated by the damping force control unit 15 
when Judged [ that contact on precedence vehicles is avoidable, and ] by steering actuation and 
braking actuation of an operator. Therefore, by steering actuation and braking actuation of an 
operator, when precedence vehicles can be avoided, unnecessary damping force is not 
generated. 

[0044] Although the distance between two cars d with precedence vehicles becomes short, for 
example and the distance between two cars d satisfies the aforementioned (2) formula from this 
condition Although the contact evasion by braking is possible if the time amount Ty concerning 
the steering evasion computed based on the horizontal movement magnitude Y stops satisfying 
the aforementioned (7) formula Since it judges that the contact evasion by steering is 
impossible, it shifts to step S7 through step S6 from step S4, and it is magnitude floor line. The 
damping force control unit 15 is controlled to generate damping force. 

[0045] At this time, it is damping force floor line. When contact avoiding according to braking 
becomes impossible after it was set up so that it might increase from zero gradually by 
inclination alpha, and contact avoiding according to steering became impossible Damping force 
FH Duration T1 until it operates Duration T1 computed since it expressed with the 
aforementioned (8) formula It is based, is based on the aforementioned (9) formula, and is 
damping force floor line. An inclination is computed and the damping force control unit 15 is 
controlled based on this. 

[0046] therefore, it is shown in drawin g 9 from the damping force control unit 15 — as — a time 
— t1 Damping force floor line which increases from zero by inclination alpha when steering 
avoiding becomes impossible It will be generated. And the contact evasion by steering although 
the contact evasion by braking is possible is damping force floor line, while being in an impossible 
condition. It is generated and is this damping force floor line. It becomes large gradually. 
[0047] the distance d between these condition empty vehicles — short — becoming — a time - 
- 12 step 85 from step S4 if the distance between two cars d stops satisfying the 
aforementioned (2) formula and is Judged as contact evasion being impossible also by braking. 
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since braking evasion is impossible and steering evasion is impossible — shifting — damping 
force FH The damping force control unit 1 5 is controlled to generate, this shows to drawing 9 — 
as — a time — t2 Damping force floor line Large damping force FH It is generated. Therefore, 
when it is judged by steering also by braking that contact evasion with precedence vehicles is 
impossible, namely, contact cannot be avoided depending on actuation by the operator, damping 
force is generated compulsorily, and it is the larger damping force FH than before at this time. 
Contact on precedence vehicles will be avoided by making it generate. 

[0048] this time — a time — t2 Damping force floor line Big damping force FH Although it will 
act a time — t1 the time of contact avoiding according to steering becoming impossible — 
damping force floor line the damping force which is generated and acts gradually — large — 
carrying out — making — further — a time — t2 Bigger damping force FH When acting the 
damping force floor line till then Damping force FH since he is trying for a difference to become 
smaller than threshold deltaF set up beforehand — a time — t2 Bigger damping force FH Even if 
it acts, sense of incongruity is not given to an operator. 

[0049] It is [ one side and ] t1 at the time. Like [ although it is possible, when contact avoiding 
according to braking becomes impossible ] the above, the contact evasion by steering shifts to 
step S7 through step S6 from step S4, and is damping force floor line. Although the damping 
force control unit 1 5 is controlled to generate In this case, since the contact evasion by steering 
is possible, it is the aforementioned (7) formula to the damping force FH. Duration T1 until it 
operates It computes. And based on this duration T1, inclination alpha of damping force is 
computed based on the aforementioned (9) formula. 

[0050] and damping force floor line which increases by this inclination alpha it generates — 
making — a time — t2 the time of both contact evasion by braking and steering becoming 
impossible — damping force FH although it is made to generate — damping force FH Damping 
force floor line since it is set up so that a difference may become smaller than threshold deltaF 
— suddenly big damping force FH Even if it makes it generate, sense of incongruity is not given 
to an operator. 

[0051] And this condition to damping force FH When it acts and an operator performs steering or 
braking in connection with this the distance d with precedence vehicles secures — having — a 
time — t3 If the aforementioned (2) formula and (6) types come to be materialized It shifts to 
step S8 through step S6 from step S4, and the damping force generated with the damping force 
control unit 15 controls the damping force control unit 15 to decrease by predetermined 
inclination alpha' from FH. 

[0052] By this, as shown in drawin g 9 , the damping force generated will decrease by inclination 
alpha', and since he is trying to decrease gradually the damping force made to act at this time, in 
case grant of damping force is stopped, the sense of incongruity given to an operator can be 
reduced, thus, damping force FH suddenly big when making damping force act with the damping 
force control unit 15 it acts — not making — damping force floor line the case where make it 
increase from zero gradually, and make it act, and addition of damping force is stopped — 
damping force FH from — since it is made to decrease gradually and he is trying to stop, the 
sense of incongruity given to an operator with addition and its halt of damping force can be 
reduced. 

[0053] Moreover, since he is trying to specify the timing on which damping force is made to act 
not only in consideration of the distance between two cars d and relative velocity Vr with 
precedence vehicles but in consideration of vehicles properties, such as the steering property of 
vehicles, at this time, it cannot be based on a steering property which is different in a different 
steering property for every vehicles, or a vehicle speed region, but can compute more exactly 
whether steering evasion is unable to be possible. Moreover, since he is trying to compute the 
steering evasion time amount of vehicles also in consideration of the property of the steering 
actuation in an operator's emergency, the steering evasion time amount in emergency is more 
computable to high degree of accuracy. 

[0054] Moreover, it judges that both contact evasion by steering and braking is impossible. 
Powerful damping force FH Damping force floor line beforehand weak when judged with the 
contact evasion by steering or braking before the time of there being the necessity of making it 
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generating being impossible It is made to generate. This damping force floor line When there is 
the necessity of enlarging gradually and generating powerful damping force, it is damping force 
FH. Since he is trying to make it generate, it is this damping force FH. When making it generate 
Since it has started beforehand, damping force is damping force FH. The delay of the standup of 
the damping force in the time of making it generate can be reduced. Therefore, damping force 
can be made to be able to act promptly and safety can be raised more. 

[0055] Moreover, it judges according to an individual whether an obstruction is avoidable with 
braking actuation and whether it is avoidable with steering actuation. Even if it performs braking 
actuation and performs steering actuation, when being judged with contact with an obstruction 
being nonavoidable, it is damping force FH. Since he is trying to make it generate When an 
obstruction can be avoided by performing steering actuation, it can avoid generating big damping 
force superfluously. 

[0056] Moreover, since horizontal movement magnitude is detected and it was made to judge 
based on this, when judging whether contact with an obstruction is avoidable with steering 
actuation, even if it is the case where offset has arisen with self^vehicles and an obstruction, in 
consideration of the amount of offset, a steering evasion judging can be performed exactly. 
Moreover, since it was made to judge in consideration of the steering property of a vehicles item 
or vehicles, an operator's steering item, etc. when performing a steering evasion judging based on 
this horizontal movement magnitude, it cannot be concerned with the different steering property, 
a **** person's different steering item, etc. for every vehicles, but a steering evasion judging 
can be performed exactly. Therefore, damping force can be generated to exact timing. 
[0057] Moreover, edge angle theta 1 of right and left of an obstruction in case horizontal 
movement magnitude is set up And theta 2 When any or the smaller one is chosen and it steers 
in this direction, he is trying to judge whether an obstruction is avoidable. Therefore, since a 
steering evasion judging will be performed about the one where a possibility that steering evasion 
can be performed among longitudinal directions is higher A steering judging can be performed 
exactly. As a result of this judgment when steering evasion is possible It is certainly avoidable to 
make it not generate damping force, and to generate damping force superfluously, although 
steering evasion is possible among right and left since damping force is not generated when 
steering evasion in the direction of either is possible. 

[0058] Here, the damping-force control unit 15 corresponds to a damping-force generating 
means, processing of step S1 of drawing 2 corresponds to a relative relation detection means, 
processing of step 82 corresponds to a braking evasion judging means, processing of step S3 
corresponds to a steering evasion judging means, processing of step S2 and step S3 
corresponds to a contact evasion judging means, and processing of step S8 corresponds from 
step S4 to a control means. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ Drawin g 1] It is the outline block diagram which applied this invention and in which showing an 
example of a braking control unit. 

[ Drawin g 2] It is the flow chart which shows an example of the procedure of the automatic- 
braking control processing in the controller 10 of drawing 1 . 

[Drawin g 3] It is explanatory drawing showing the physical relationship of the self-vehicles and 
self-vehicles forward cardiac failure theory object at the time of using the laser radar of a 
scanning method. 

[Drawing 4] It is explanatory drawing showing the physical relationship of the self-vehicles and 
self-vehicles forward cardiac failure theory object at the time of using the laser radar of the 
beam method equipped with two or more beams. 

[Dr awing 5] It is property drawing showing the steering property of the operator in emergency. 
[Drawing 6] It is property drawing showing the relation between a tire slip angle and tire lateral 
force. 

[Drawing 7] It is property drawing showing the relation of the Duration Ty and the vehicle speed 

which the horizontal movement magnitude Y and steering evasion take. 

[Drawing 8] Damping force floor line FH It is explanatory drawing showing relation. 

[Drawing 9] It is explanatory drawing with which explanation of this invention of operation is 

presented. 

[Description of Notations] 

1 Laser Radar 

2 Speed Sensor 
10 Controller 

15 Damping Force Control Unit 



[Translation done.] 
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©^3l^f^±3-&^„ * [0 03 9] 

T, =d/Vr-Ty (7) 

J;-2.S»lil3S*s^eii^cS«i&(c{i. €-©mgB#r^T >^u-^»fW©«Sl*B#p^i. l6^«iia-C*S. 

t «. ^^SC (8) i«-rci*3-C*^. ncfc. 5«i (8) 3« CO 04 0] 

T, = - (d-Vr' /2 • a + Vr •Td)/Vr (8 ) 

BuiBT. *^?)$lIll);t;©M#a^'J>CS: (9) tca-:Jl<^r^* ★m'TS. 

a= (F„ -AF) /T. (9) 

^LT. C©J;^)«:Lr#fflU:fc<®*a-C$lJt!i:^3Fu ?: 30 MW[El3lnItET*^iJ|yJif-r-S*^6. X7=- 4*>e. 

cc:±#3-t+^. ±ie*)is©}fjB«:^Bj-rs. :7's 6 =i:g-c ;^ 7=- ^'s 8 icmfL. mwjt)mm 

C 0 0 4 n '^Mmml3<tcMfMm*fi^&-ri>i><D mm i 5 «:J:S«»6:/3©^*Wtf 

i-r-si. 3> 1 o-ct*. m2(DsmmW}Um [0043] l/c*5-?-c, 5fe^fmpi<!:©iffl©*Msgitd 

c©«iajft#«:s-:5t^r, 5fctfmMi©«rasgjBd xm7m^i:<Dmm^mm^mr'&?,t^tm^tii,tif 

, :«)5^tB3n. J:»3/h3l^:^r©0, *5jMiRSn 40 [0 04 4] c©t^.^*^e., m^^fe^f^j^io^r^g^ 

rcntcs-^o^rifssijfiYAiSLttj^ti-s (::^7--y7"s md*J5§<i:x'3. mmmmd^mis, (2) ^«iiss-rs 

[004 2] C©i#. M^tf5fe=if:^Mi©^©S§iid raTyA5mfia(7) ^=S:?iSL/^f < ^c2)t , fflljj(Cj;-5 

©tCii^g/SNffHTy^gLtHL. Cnt. a«W*s^?f* [0 04 5] C©<i:*. UmtiF, «. ^7»>e.<iS*a-C 

^«cssife-r5*r-©»sB#p^d/v r iA^stjiB (6) ^ (,cimti>j:^icmn^i^. mmKiJ:i>m%i.m®*^ 



u 

^t. MS (8) ^vmfc tt^T^ 6f)^f^ . wmLtcm 
mi bmm^ti^. 

[0 046] Lx/c^^or. mw}t}mmmm i m 

^Ct^ctjiih. ^LT. $iJi&tc<i:^SMlEliS(ipJSfer* 

[0 04 7] CCDt«S85&>^«ia^g|d?!>i5S<^ce5\ H$,d& 
t, T\ :Sr«1I^SId:053UiB (2) < ^^cCfQ. 

'^:;^^ii$iJ8&;^F„ jJ^^^^^ti^o l/cj^^^-d tr. fiJttJc 20 

[0 04 8] C<Dt^. ^}^Az r\ mmt^F, cfc0 4> 

•rei^tc. -en*-e(Dftij8&:^F. iws&^jFH 

'^^m^LfcL^i.mAFJ:K^i:>/b^<rj::B^^(fC 

[0 04 9]-^. mmc^^mm^mii^ 

^mmm&^^^mx$,^^^ib. mrta (?) ^^^^^ mm 
ccD^^B^p^T.^cS-^o^rtulB (9) ^tc^-ut^ 
[0 0 5 0] -eur. c<om^ axmrnt ^mWi:hF ^ 

t:)^. mmtiF, ummijF^ icoMA5L,^i^fiiAF<fco 
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[0 05 1 ] ^LX. C<Dtfc^7&>6. $!Ja&:^F„ 

mfia (2) (6) ^f)^f&iLr^^'>^ctj:^t. :k 

^mtjmwmmibxm^^^nhmmm^. Fnf>-^ 
hmm<om^a' ri^^^-r^cfc^cc. mmmmmmi 

[0 0 5 2] cnCCj:or. 09CC^r<fc^CC. §^^^ 

ti^mmmm^ a' xn^p-r^ctt^ctjir)^ c<Dt 

F. ^^T&^e^^^tiw^-tfrf^ffl^if, ^/c. mnti 

^(ow±^cw-, xmmm^c^^^mimi^^mr hct 

[0 05 3] ^/c. c(Dt^. mmti^i'^m^^±^^^ 

c:r-c?:i:<. m^(om^m^m'^mm±^h^mi.x^'& 
-^^^^KLxx.^^t^h. wmm^cmu^ mmm^^M 

^tf^^^^mm^cnmrhctt^x^^. m^k^ 
(DmMM(o::<r^r > p'mi%(Dmn^i>mmLxmn(D 
immmmrs^»m'r^j;:^(^Lx\.^^i)^ib. j:^mw 

[ 0 0 5 4 ] ^/c. m»^amm(.cj:^mnmmf)mc 
:^pi^x$>^tnm^n. m^mmtjF^ 

mm:^^^'^mx$>^ tm^^ntcm}^.x^ii>m(.^umt) 
Fl ^^^5#r*5^. C(DmmtiF^ ^m^(tC':k^< 

L . ®i ^mm:b § -ti ^sm(D$, ^ m.^.xmmt} f 

„ ^m$-ii'5J:^ccLt:ii^:5&^6. C(7)$iJ»j:fjF„ ^ 

x\ *ijiii:^jf„ ^^^:^i^^^^mj^.x(Dmmt}(DM.^ 

±:^^K^(Dmti^i&m'r^ct^^x^^^ J:or. m^i)^ 
(^cmW):^^im^i^^ctf)^x^. S^t4^J:0[^±^ 

[0 05 5] S /c. I^WISl^tfJiftJ^f^^c ct 0 1°liST^ C 

t^^x^^^\ ^fc. ^fl6iiimcJ:0[Eiii-r^c<L^5-c 
^^n^t^^cmmt}F, ^^^^-ti^^fc^ccurc^-s 

t(DX^^J:'yrj:mi^(^c:^ii^^(^ci^^rj:mmtJ^'^^ 



(8) 
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[0 05 6] ^tc. mmmicj:-:>xmm^i:<Dm^^ * 
^K^-i3^L-r)\,^ximMmn'&^'ii^ct^cts:i>i}i>h. m 

ail9tli|jSnrflt-C$,SJS^tc(3:, fUU^fj^rlSiS-a-^c 
[0 05 8] C C-C, ra^jWfU^g 1 5 Dmmtjm^ 

ui*iek:*ti£ L. . X 5" s 2 o:)imififmmmmm.^ 

JSftS b , X -f - ■> 7' S 2 RO';^ -5^ y 7* S 3 CDi!iffl:65SMIiI * 
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[SI] *^j*jafflL/c. mmm^o-m^?rst 

[S 2 ] S 1 <D=i> h a- ^ 1 0 {cfcW^ eifi*ijiij$ili3p 
[S3] + yu-^^fflc>fcts^ 

[05] !S§^oaK^©t6flfe«Ftt«:^^«Fttiaf* 

[06] v:fnt^-<^mt)t<Dmmim-r 

[07] ttl^l!j«Yiai«£Iilji^g-rSBifSB*raTyi 
mil i©W0^?ra-riNFl40-C& . 
[08] »lJltot;F. iF, i©M^*«-ritt?a0f* 

-So 

[09] :$i§m(om'iFmmmri,iiimm^&i>, 
[lf#©iftW] 

1 u-— tfu—^?- 

2 mjH2>1f 
10 3> hn— ^ 
1 5 



[01] 



[02] 



u— sri — ir 



2— 



3> 




C9) 
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[116] 




mi] 




[^8] 





F^-A(##) 3D045 BB18 GGIO HH20 HH22 3302 
3319 KKll 



